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(54) INK-JET RECORDING DEVICE 

(57)Abstract: 

PURPOSE: To enable high speed driving of an ink-jet 
recording head utilizing flexural vibration while preventing 
the unintended discharging of ink drops. 
CONSTITUTION: This ink-jet recording device is 
equipped with an ink-jet recording head for discharging 
ink by means of flexurally displacing piezoelectric 
diaphragms 3, a charging circuit 40, which supplies a 
certain current to a condensor by print signals so as to 
develop the flexural displacement in the piezoelectric 
diaphragms 3 for discharging ink and, at the same time, 
outputs the signals for maintaining charging final voltage 
for a certain period of time after the finish of charging, a 
first discharge circuit 41, which is equipped with the first 
discharge time constant-suitable for sucking ink from a 
common ink chamber to pressure generating chambers 
and temporarily stops discharging within the range of 
(n+3/4)-(n+1) times as much as the natural frequency 
period T of the piezoelectric diaphragm, in which (n) 
represents 1, 2, 3...8, and a discharge circuit 42 for re- 
opening discharging after the elapse of a predetermined period time. Within the period, in which 
a meniscus developed due to the discharging of ink moves towards the opening side of a nozzle, 
the discharging is temporarily stopped at the point of time when the natural oscillation of the 
piezoelectric diaphragm contracts the pressure generating chamber, to suppress the oscillation 
of the piezoelectric diaphragm 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An ink jet type recording device characterized by providing the following A pressure 
generating room which is open for free passage in a nozzle orifice and a common ink room An ink 
jet recording head which is equipped with a piezo-electric diaphragm which was formed in the 
surface of said pressure generating room, and which carries out deflection displacement, and 
carries out the regurgitation of the ink drop with the deflection displacement which is said piezo- 
electric diaphragm a printing signal — current — said piezo-electric diaphragm — supplying — a 
deflection for ink regurgitation — a charge circuit which outputs a signal which is made to 
produce displacement and maintains the fixed time amount and charge last voltage after charge 
termination A discharge circuit which discharges with the 2nd discharge time constant which has 
the 1st discharge time constant suitable for drawing in to a pressure generating room side so 
that a meniscus just behind ink regurgitation may not carry out the regurgitation from said nozzle 
orifice, suspends said discharge within the limits of twice (n+3/4) of a proper oscillation period T 
of said piezo-electric diaphragm thru/or (n+1) twice (however, n 1, 2, 3....8), and is different after 
predetermined time 

[Claim 2] An ink jet type recording device of claim 1 said whose n is 2 thru/or 4. 
[Claim 3] An ink jet type recording device of claim 1 which resumes discharge with the 2nd 
discharge time constant after carrying out predetermined time maintenance of the voltage at the 
time of termination of said 1st discharge. 

[Claim 4] An ink jet type recording device of claim 1 which discharges just before [ termination ] 
discharge with said 2nd discharge time constant with the 3rd discharge time constant smaller 
than said 1st discharge time constant. 

[Claim 5] An ink jet type recording device characterized by providing the following A pressure 
generating room which is open for free passage in a nozzle orifice and a common ink room An ink 
jet recording head which is equipped with a piezo-electric diaphragm which was formed in the 
surface of said pressure generating room, and which carries out deflection displacement, and 
carries out the regurgitation of the ink drop with the deflection displacement which is said piezo- 
electric diaphragm a printing signal — current — said piezo-electric diaphragm — supplying — a 
deflection for ink regurgitation — a charge circuit which outputs a signal which is made to 
produce displacement and maintains the fixed time amount and charge last voltage after charge 
termination A discharge circuit which has the 1st discharge time constant suitable for drawing in 
to a pressure generating room side so that a meniscus just behind ink regurgitation may not 
carry out the regurgitation from said nozzle orifice, and suspends discharge after twice (n'+3/4) 
of a proper oscillation period T thru/or (n'+1) twice (however, n'1 f 2, 3....8) as many time amount 
as this 

[Claim 6] An ink jet type recording device of claim 5 said whose n' is 2 thru/or 4. 
[Claim 7] An ink jet type recording device characterized by providing the following A pressure 
generating room which is open for free passage in a nozzle orifice and a common ink room An ink 
jet recording head which is equipped with a piezo-electric diaphragm which was formed in the 
surface of said pressure generating room, and which carries out deflection displacement, and 
carries out the regurgitation of the ink drop with the deflection displacement which is said piezo- 
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electric diaphragm a printing signal — current — said piezo-electric diaphragm — supplying — a 
deflection for ink regurgitation — a charge circuit which outputs a signal which is made to 
produce displacement and maintains the fixed time amount and charge last voltage after charge 
termination It is the discharge circuit which has the 1st discharge time constant suitable for 
drawing in to a pressure generating room side so that a meniscus just behind ink regurgitation 
may not carry out the regurgitation from said nozzle orifice, and starts discharge desirably from 
an input time of said printing signal within a 0.8 times of a proper oscillation period T thru/or 1.2 
times as many period as this in a twice (3/4) of a proper oscillation period T of a piezo-electric 
diaphragm thru/or (5/4) twice as many period as this. 

[Claim 8] An ink jet type recording head of claim 7 which resumes discharge with the bigger 2nd 
discharge time constant than said 1st discharge time constant after suspending discharge 
temporarily in the middle of said discharge and carrying out predetermined time maintenance of 
the voltage at this time. 

[Claim 9] An ink jet type recording device of claim 7 which discharges just before [ said ] 
discharge termination with the 3rd discharge time constant smaller than said 1st discharge time 
constant. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an ink jet recording device and the ink jet type 
recording device which equipped details with the recording head of the pressure room which is 
open for free passage to a nozzle orifice which the sheet metal of a piezo-electric diaphragm is 
stuck [ recording head ] on a field in part, and a pressure room is compressed [ recording head ] 
with this piezo-electric diaphragm, and generates an ink drop more. 
[0002] 

[Description of the Prior Art] the deflection of the thing using the displacement of the shaft 
orientations of the piezo-electric diaphragm with which the ink jet recording device which uses a 
piezo-electric diaphragm for the actuator of ink drop generating was formed in the shape of a 
rod, and the piezo-electric diaphragm formed in tabular — there is a thing using displacement, 
and while a high-speed drive is possible for the former, the nest of a piezo-electric diaphragm 
has the problem that it is difficult and a manufacturing cost becomes high. 

[0003] The diaphragm which constitutes the pressure room the latter thing a part On the other 
hand, in order to stick a piezo-electric diaphragm on a field, to change the capacity of a pressure 
room with the deflection displacement which is a piezo-electric diaphragm and to generate an 
ink drop, Damping force is small on the relation equipped with the feature that displacement of 
the large area of a pressure generating room is carried out, it can be stabilized and an ink drop 
can be generated, coincidence formation is possible and the reduction in a manufacturing cost 
can do a piezo-electric diaphragm and a diaphragm further which uses deflection displacement 
on the other hand. 

[0004] A diaphragm will follow the flow of the ink which originates in this and is generated after 
the ink regurgitation, as shown in drawing 9 , vibration will arise in a meniscus, and moreover, this 
vibration will continue for a long time. When it originates in vibration of this meniscus and a 
meniscus goes to nozzle opening, minute ink drop D' and the so-called satellite will be generated. 

[0005] In order to solve such a problem, the technique of impressing [ technique ] a signal to a 
piezo-electric diaphragm after the ink regurgitation, and expanding a pressure generating room 
was proposed, but actually, residual vibration was still continuing after discharge termination, and 
in the case of the ink jet type recording head which answers on high frequency especially, when 
the meniscus was no longer lengthened, there was a problem that an unnecessary ink drop 
carried out the regurgitation. 
[0006] 

[Problem(s) to be Solved by the Invention] The place which this invention is made in view of 
these problems, and is made into the purpose is offering the ink jet type recording device using 
the ink jet recording head which prevented the regurgitation of unnecessary ink drops, such as a 
satellite. 
[0007] 

[Means for Solving the Problem! In order to solve such a problem, it sets to this invention. An 
ink jet recording head which is equipped with a nozzle orifice, a pressure generating room which 
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is open for free passage in a common ink room, and a piezo-electric diaphragm which was 
formed in the surface of said pressure generating room, and which carries out deflection 
displacement, and carries out the regurgitation of the ink drop with the deflection displacement 
which is said piezo-electric diaphragm, a printing signal — current — said piezo-electric 
diaphragm — supplying — a deflection for ink regurgitation — with a charge circuit which 
outputs a signal which is made to produce displacement and maintains the fixed time amount and 
charge last voltage after charge termination It has the 1st discharge time constant suitable for 
drawing in to a pressure generating room side so that a meniscus just behind ink regurgitation 
may not carry out the regurgitation from said nozzle orifice. Said discharge is suspended within 
the limits of twice (n+3/4) of the proper oscillation period T of said piezo-electric diaphragm 
thru/or (n+1) twice (however, n 1, 2, 3....8), and it had a discharge circuit which discharges with 
the different 2nd discharge time constant after predetermined time. 
[0008] 

[Function] In the field in which movement of the meniscus produced by the ink regurgitation 
goes to a nozzle orifice side, the time of the proper oscillation of a piezo-electric diaphragm 
expanding a pressure generating room from contraction is caught, it controls that a piezo- 
electric diaphragm oscillates again by proper oscillation by switching the time constant of 
discharge, and the regurgitation of the unnecessary ink drop from a nozzle orifice is prevented. 
[0009] 

[Example] Then, based on the example illustrating the details of this invention, it explains below. 
Drawing 1 shows one example of the ink jet recording head used for this invention, and it is a 
drive unit and the sign 1 in drawing fixes at one the piezo-electric diaphragms 3 and 3 which 
consist of PZT so that the pressure generating room 4 mentioned later may be countered, and 

3 and is constituted by the surface of the diaphragm 2 which consists of sheet metal of a 

with a 10micro thickness [ about n ] zirconia. 

[0010] 5 is a spacer, drills the through-hole of the pressure generating rooms 4 and 4 and 4 .... 
which was in agreement with the configuration at constant pitch in ceramic boards, such as the 
thickness suitable for forming the pressure generating room 4, for example, a 1 50-micrometer 
zirconia etc., (Zr02), and is constituted. 

[001 1] 8 is the substrate which closes the other sides of the pressure generating room 4, and 
the free passage holes 10 and 10 with which nozzle orifices 31 and 31, the free passage holes 9 
and 9 which connect the pressure generating rooms 4 and 4 and 4 .. as 31 and 9 .. connect 
the pressure generating room 4 and the common ink room 19 to an other end side again, and 
10 .. are prepared in the end side of pressure generating room 4 approach. 

[0012] These three members 1, 5, and 8 are constituted as a unit, respectively, and are attached 
in the unit stationary plate 1 1 mentioned later. 

[0013] 1 1 is the above-mentioned unit stationary plate, and the free passage hole 13 linked to a 
nozzle orifice 31 is formed in the location which the unit mentioned above to one field is being 
fixed to the position with adhesives, and the passage limit hole 1 2 which has passage resistance 
almost equivalent to nozzle orifices 31, 31, and 31 is formed in the boundary of the free passage 
hole 10 and the common ink room 19, and counters a through-hole 9. 

[0014] 15 is a heat joining film for joining the common ink room configuration board 18 and the 
unit stationary plate 11 which are mentioned later, and the aperture 16 which is in agreement 
with the common ink room 19 and nozzle orifices 31 and 31, the free passage holes 17 and 17 

which connect the pressure generating rooms 4 and 4 and 4 .. with 31 and 17 .. are drilled. 

[0015] 18 is the above-mentioned common ink room formation board, drills the through-hole 
corresponding to the configuration of the common ink room 19, the pressure generating rooms 4 
and 4 and the free passage holes 21 and 21 which connect nozzle orifices 31 and 31 and 31 .. 
with 4 and 21 .. in the plate equipped with the corrosion resistance of the thickness suitable 
for forming the common ink room 19, for example, 1 50-micrometer stainless steel etc., and is 
constituted. 

[0016] 23 is a nozzle plate, nozzle orifices 31 and 31 and 31 .... are drilled by the 1 side twist of 
the pressure generating room 4, and it is pasted up on the common ink room formation hoard 18 
with the heat joining film 25 so that it may connect with each pressure generating rooms 4 and 4 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgLejje 



2004/03/03 



f 



3/8 ^— 5/ 



and 4 .. through the free passage holes 9, 13, 17, 21, and 26. 

[0017] Thus, if the driving signal which becomes the piezo-electric diaphragm 3 from the voltage 
which rises with constant speed is impressed, the constituted ink jet type recording head will 
bend so that a diaphragm 2 may make the pressure generating room 4 side a convex, and will 
shrink the pressure generating room 4. The ink of the pressure generating room 4 results in a 
nozzle orifice 31 via through-holes 9, 13, 17, 21, and 26 by this, and the regurgitation of the ink 
drop is carried out from here. 

[0018] If the voltage of a driving signal is reduced at a fixed speed after ink drop formation, the 
piezo-electric diaphragm 3 will return to the original location gradually, and the pressure 
generating room 4 will expand. The ink of a part consumed by formation of an ink drop flows into 
the pressure generating room 4 via the passage limit hole 12 from the common ink room 19 in 
this process. 

[0019] Drawing 2 is what shows one example of the drive circuit suitable for driving the 
recording head mentioned above. The sign 40 in drawing Two PNP mold transistor pair Q10 and 
Q11 the base terminal was mutually connected and the property was equal to in the charge 
circuit which charges Capacitor C with fixed current, When it has the resistance R10 and R1 1 
connected with each emitter of this transistor pair between the constant-voltage terminals VK 
and a transistor Q18 turns on with the printing signal MCHG, for resistance R1 1 The voltage 
difference of Vrefl**VK-R1 1/(R1 1+R14) arises, and this voltage difference is reflected in the 
voltage difference of the emitter resistance R10 of a transistor Q10 as it is. It consists of 
transistors Q10 so that the fixed current of Vref1/R10 may charge Capacitor C through outflow 
and a transistor Q15. 

[0020] Thereby, the terminal voltage of Capacitor C rises with fixed voltage inclination. The 
terminal voltage of this capacitor C is supplied to the piezo-electric diaphragm 3 from the COM 
terminal of the current amplification circuit 42 which consists of transistors Q14 and Q16. 
[0021] It is necessary to set up the charge time constant of the capacitor C here so that a 
pressure generating room may be shrunk at the speed suitable for the ink regurgitation, and in 
this example, each constant of resistance R11, R14, and R10 and Capacitor C is set up so that it 
may be set to 12v[ /] ec microsecond. 

[0022] Moreover, a sign 41 is the discharge circuit which makes the charge charge of Capacitor 
C discharge with a fixed current value. NPN mold transistor pair Q12 and Q13 which are two the 
base terminal was mutually connected and the property was equal to like the above-mentioned 
charge circuit 40, If it has the resistance R12 and R13 connected with each emitter of this 
transistor pair between GND and a transistor Q20 is turned off by the discharge signal DCHG 
TORANSUTA Q13 serves as ON and the predetermined voltage difference Vref2 mentioned later 
arises in resistance R13. Since this voltage difference is reflected in the voltage difference of 
the emitter resistance R12 of a transistor Q12 as it is, a transistor Q12 absorbs the charge 
charge of Capacitor C with the fixed current value which becomes settled in Vref2/R12, and it is 
constituted so that Capacitor C may be made to discharge. 

[0023] Next, actuation of the equipment constituted in this way is explained based on drawing 3 . 
If the printing signal MCHG inputs (at the tO time), a charge circuit 40 will operate as mentioned 
above, and Capacitor C will be charged with a fixed current value. Thereby, the terminal voltage 
of Capacitor C rises with fixed inclination rapidly, and the terminal voltage of Capacitor C 
outputs to the COM terminal through the current amplification circuit 42. And the output voltage 
of a COM terminal is alternatively impressed to the piezo-electric diaphragm 3 through the 
transistor Tr which serves as ON with the print-data signal. 

[0024] By this voltage impression, since the piezo-electric diaphragm 3 bends so that the 
pressure generating room 4 side may serve as a convex in a diaphragm 2, and it starts 
displacement, the ink of the pressure generating room 4 is pressurized and ink carries out the 
regurgitation of it from the corresponding nozzle orifice 31. Vibration of the proper oscillation 
period T which the piezo-electric diaphragm 3 made static displacement by applied voltage mean 
amplitude, and was overlapped on this and made the charge initiation time the starting point at 
coincidence is started. 

[0025] thus, the time t — when set to 1, Capacitor C will be charged enough and the output 
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voltage of a COM terminal will reach saturation voltage. And the time of fixed time amount Th 1 
passing, by t2, the printing signal MCHG is made off, the discharge signal DCHG is outputted, and 
the discharge circuit 41 is operated. 

[0026] At this time, t2 is set up, when the dynamic displacement on the basis of the static 
displacement location of the piezo-electric diaphragm 3 tends to expand the pressure generating 
room 4. The discharge auxiliary signal DCHG1 is made into HIGH level at coincidence, and a 
transistor Q23 is made a transistor Q24 and a pan at ON. 

[0027] The voltage Vref2 which it will be substantially inserted in resistance R17 by resistance 
R18 at juxtaposition, and it produces in the above-mentioned resistance R13 by this is 
Vref2**VK-R13/(R17-18 + R13), when R17-18 show a juxtaposition combined-resistance value 
with resistance R17 and R18. 
It becomes. 

[0028] The charge of Capacitor C is discharged with the fixed current value Is (Is=Vref [2 ] / 
R12) based on this voltage Vref2, and the terminal voltage of Capacitor C is reduced with a fixed 
discharge time constant, and is supplied to the piezo-electric diaphragm 3 which is in a selection 
condition for printing of the terminal voltage of Capacitor C through the current amplification 
circuit 42. 

[0029] By this a convex condition and the diaphragm 2 which changed to the pressure generating 
room 4 side Since the displacement is canceled gradually and the pressure generating room 4 is 
made to expand, the meniscus formed in about 31 nozzle orifice is drawn in the pressure 
generating room 4 side. Therefore, while the elutriation of minute ink drop D' after the ink 
regurgitation ( drawing 9 ) is prevented, the ink of the common ink room 19 is slushed into the 
pressure generating room 4 via the ink feed hopper 1 2. 

[0030] In this example, the circuit constant is set up so that voltage may fall with the discharge 
time constant of 0.33v[ /] ec degree microsecond in order to prevent the regurgitation of this 
unnecessary ink drop for example. That is, since the drawing-in force of a meniscus is weak, the 
regurgitation of unnecessary minute ink drop D* cannot be prevented, and induction of the 
vibration of a meniscus is carried out on the contrary with a sharply larger value than 0.33v[ /] 
ec microsecond, and an unnecessary minute ink drop is made breathed out in a discharge time 
constant smaller than 0.33v[ /] microsecondec. 

[0031] On the other hand, it is greatly drawn in the pressure generating room 4, it is reversed in 
the phase in which predetermined time passed, and the meniscus just behind the ink 
regurgitation moves vibration which synchronized with the proper oscillation of the piezo-electric 
diaphragm 3 toward a nozzle orifice 31 side with a repeat 

[0032] thus, the piezo-electric diaphragm 3 — a deflection — the time of the twice (n+3/4) of 
the proper oscillation period T thru/or (n+1) twice as many time amount as this having passed 
since tO the time of starting displacement, by this example, at the time of Tx (3+3/4), the 
discharge signal DCHG is set to HIGH, the discharge auxiliary signal DCHG1 is set to LOW, and 
discharge is stopped temporarily t3. 

[0033] the force of going to the nozzle orifice 31 of the meniscus with which it is vibrating 
henceforth from this time synchronizing with the proper oscillation of a diaphragm 3 since the 
force of making the piezo-electric diaphragm 3 suspending residual vibration by this will work — 
** — **** — it becomes things. 

[0034] That is, the proper oscillation of the piezo-electric diaphragm 3 (inside of drawing, PZT) 
shrinks the pressure generating room 4, as shown in drawing 4 , if discharge is stopped when it 
changes in the direction expanded next, the displacement deflection P1 from the static 
displacement location H1 of the piezo-electric diaphragm 3 will become small rapidly, and it will 
be controlled that the piezo-electric diaphragm 3 oscillates again. Vibration of the meniscus 
which goes to a nozzle orifice 31 becomes small by this, and the regurgitation of an unnecessary 
ink drop is prevented. 

[0035] Moreover, discharge is not stopped as mentioned above, and also when switching so that 
a discharge time, constant may be increased as shown in the drawing 4 (**), it is useful to 
controlling the oscillation of jthe piezo-electric diaphragm 3 by considering this change time as 
the time of the twice (n+3/4) of the proper oscillation period T thru/or (n+1) twice as many time 
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amount as this passing. 

[0036] On the other hand, when discharge is suspended carelessly, in drawing 4 , the proper 
oscillation of the piezo-electric diaphragm 3 expands the pressure generating room 4 like [ at the 
time of T (n+9/4) ]. next, when are changed in the direction to shrink and discharge is stopped 
the piezo-electric diaphragm 3 is made ****(ed) and the piezo-electric diaphragm 3 is static — 
displacement — the displacement from a location H2 — a possibility that deflection P2 becomes 
large rapidly, will accompany to this, vibration of a meniscus will become large, and an 
unnecessary ink drop will carry out the regurgitation becomes very high. 

[0037] and the time t — when time amount Th 2 has passed since 3, by operating the discharge 
circuit 41 by setting the discharge signal DCHG to LOW again, the pressure generating room 4 is 
expanded and ink is attracted from the common ink room 1 9. 

[0038] Since the discharge auxiliary signal DCHG1 in this process is LOW and becomes off [ a 
transistor Q23 ], the voltage Vref2 produced in resistance R13 serves as Vref2**VK-R13/ 
(R17+R13), therefore the charge of Capacitor C discharges with a current value smaller than said 
current value Is. 

[0039] thereby — Time t — discharge with the 2nd discharge time constant smaller than the 
voltage change in discharge to t3 at the time which produces voltage change of 0.1 4v[ /] ec 
degree microsecond, for example will be performed from 2, and it will be urged to the compulsory 
return by the side of the nozzle orifice of a meniscus by expansion of the pressure generating 
room by this discharge. 

[0040] And the discharge auxiliary signal DCHG1 is again set to HIGH, and rapid discharge is 
made to perform, when terminal voltage just before almost all charges discharge and discharge is 
completed (i.e., a piezo-electric diaphragm) carries out an effect to 8% of driver voltage, and 
about 12% (time t4) until a charge is lost with the small 3rd discharge time constant which 
produces time amount change of the voltage of 0.33v[ /] ec degree microsecond. 
[0041] Only in a minute amount, the pressure generating room 4 expands quickly by this rapid 
discharge, consequently, a meniscus — a minute amount — it will be drawn rapidly, the ink which 
exists near the nozzle orifice 31 which accompanies to this and includes a nozzle plate side will 
be drawn in the pressure generating room 4 side, and self will also be stabilized in the state of 
concave within a nozzle. Therefore, the flight deflection of the regurgitation ink resulting from 
the ink which the amount of ink which carries out the regurgitation next is managed uniformly, 
and remains to the periphery of a nozzle orifice is not produced, either. 

[0042] In addition, the CHG signal shown in drawing 2 in this example, DCHG2 signal, and DCHG3 
signal are always maintained by LOW level. 

[0043] Moreover, although the value "3" is chosen as a numeric value n in this example, the 
value of this numeric value n is in the relation of a trade-off to the function to attenuate the 
residual vibration of the piezo-electric diaphragm 3 effectively, and the function to which the 
return of a meniscus is fully urged, and, generally it becomes the range of 1 thru/or 8, and a 
value with the range it is more desirable and suitable of 2 thru/or 4. 

[0044] Next, the 2nd example of this invention is explained based on drawing 5 . The sign 45 in 
drawing is a charge circuit, it is equipped with the resistance R31 connected between the 
transistors Q31 and Q32 of a complementarity, and the emitter of a transistor Q32 and the 
constant-voltage terminal VK, and it is constituted so that it may operate by ON of a transistor 
Q35 and Capacitor C may be charged with fixed current through resistance R31 with the printing 
signal MCHG. 

[0045] Moreover, a charge circuit 45 charges Capacitor C with the fixed current If (If=Vref [1 ] / 
R31) it is decided with the voltage difference Vrefl in resistance R33 that will be a reason, 
without being influenced by environmental temperature. Thereby, the terminal voltage of 
Capacitor C rises with fixed voltage inclination, and is alternatively supplied to the piezo-electric 
diaphragm 3 through the current amplification circuit 47. 

[0046] And like the above-mentioned example, the charge time constant Tc sags a diaphragm 2 
in a pressure generating room side, and is set to the value to which deflection displacement of 
the piezo-electric diaphragm 3 is carried out so that the pressure generating room 4 may be 
shrunk at the speed suitable for the ink regurgitation, for example, 1 2v[ /] microsecondec 
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degree. 

[0047] Moreover, a sign 46 is a discharge circuit it has the resistance R32 connected with the 
transistors Q33 and Q34 of a complementarity, and the emitter of a transistor Q34 between 
GND, and operates in turning off a transistor Q36 with the discharge signal DCHG, and it is 
constituted so that the charge of Capacitor C may be made to discharge with the fixed current 
value Is (ls=Vref [2 ] / R32) which is not influenced by environmental temperature but is decided 
by the voltage difference Vref2 in resistance R35. 

[0048] The discharge time constant Td with the value in which vibration of the meniscus just 
behind the ink drop regurgitation does not project from a nozzle orifice 31, for example, 0.66v[ /] 
microsecondec degree And it is chosen as the value which discharge ends when the twice 
GV+3/4) of the proper oscillation period T of the piezo-electric diaphragm 3 thru/or (n+1) twice 
as many time amount (it corrects, n' is generally the integer of 1 thru/or 8 ranges, and it is the 
integer of the range of 2 thru/or 4 more preferably) as this passes. 

[0049] Next, actuation of the equipment constituted in this way is explained based on drawing 6 . 
If the printing signal MCHG inputs, a charge circuit 45 will operate and Capacitor C will be 
charged with the fixed charge time constant Tc. Thereby, the terminal voltage of Capacitor C 
rises rapidly to predetermined voltage. The terminal voltage of Capacitor C is impressed to the 
piezo-electric diaphragm 3 through the transistor Tr which serves as ON with the printing signal 
for choosing the current amplification circuit 47 and the nozzle orifice 3 to which the ink 
regurgitation is carried out 

[0050] Thereby, the piezo-electric diaphragm 3 carries out deflection displacement of the 
diaphragm 2 so that the pressure generating room 4 side may serve as a convex, it pressurizes 
the ink of the pressure generating room 4, and makes ink breathe out from a nozzle orifice 31. 
[0051] Moreover, by one side, the piezo-electric diaphragm 3 makes mean amplitude the static 
displacement location by applied voltage, and vibration of the proper oscillation period T which 
made the charge initiation time the starting point in the form superimposed on this is started. 
Thus, if the printing signal MCHG turns off by t2 the time of hold-time Th passing, the discharge 
signal DCHG outputs and actuation of the discharge circuit 46 begins, the charge of Capacitor C 
will discharge with the discharge time constant Td, and the terminal voltage of Capacitor C will 
fall at a fixed speed. 

[0052] Time t — the piezo-electric diaphragm 3 of 2 is static — displacement — it was based 
on the location — dynamic — it is set up when displacement tends to expand the pressure 
generating room 4. 

[0053] The actuation in which the piezo-electric diaphragm 3 returns to the original condition 
because the terminal voltage of this capacitor C falls is started, and the pressure generating 
room 4 expands with constant speed. Thus, by t3, discharge is terminated completely the time of 
the twice (n'+3/4) of the proper oscillation period T of the piezo-electric diaphragm 3 thru/or 
(n'+1) twice as many time amount as this passing. 

[0054] As this showed the drawing 6 (**), the proper oscillation of the piezo-electric diaphragm 
3 (inside of drawing, PZT) shrinks the pressure generating room 4. Next, according to the same 
operation as the explanation based on above-mentioned drawing 4 , since discharge will be 
stopped by t3 the time of changing in the direction to expand, the residual vibration of the 
subsequent piezo-electric diaphragms 3 does not carry out the regurgitation of the ink drop until 
it decreases it quickly and then a printing signal inputs it 

[0055] in addition — this example — Time t — the time amount to t3 is set up the twice 
(3+3/4) of the proper oscillation period T at 0 thru/or the time — having — **** — attenuation 
— T — or (3+3/4) it is carried out in a twice [ T (3+1) ] as many period as this. 
[0056] Conversely, if it says, as shown in drawing 6 (b), proper oscillation expands the pressure 
generating room 4, and when discharge is stopped because of t3' the time of changing in the 
direction shrunk next by the time the amplitude becomes large and the following printing signal 
inputs the subsequent piezo-electric diaphragms 3, a possibility of carrying out the regurgitation 
will become high about unnecessary ink drop D\ 

[0057] By the way, if the pressure generating room 4 contracts by charge and an ink drop 
carries out the regurgitation, this will follow and the meniscus near the nozzle orifice will start 
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vibration. As mentioned above, in order that after charge termination might carry out fixed period 
maintenance of the voltage at the time of charge termination, the hold time was established, the 
piezo-electric diaphragm 3 was made to discharge after this hold time, and it prepared for the 
ink drop regurgitation of a degree, but when this hold time was set as specific relation to the 
proper oscillation period T of a meniscus, it became clear that vibration of a meniscus could be 
controlled much more effectively. 

[0058] That is, a meniscus performs free vibration the proper oscillation period T focusing on the 
neutral point near the nozzle orifice in response to the energy at the time of the ink drop 
regurgitation, and when it moves to a nozzle orifice side, it makes the minute ink drop call the 
satellite from which deterioration of a quality of printed character is cause breathe out as 
showed in the curve (B) of drawing 7 when the charge voltage after charge termination is 
maintain uniformly. 

[0059] From the time of charge being started in order to make the ink drop for printing breathe 
out the 3/4 time thru/or 5/4 time as many period of the proper oscillation period T as this 
Since the meniscus is moving to the pressure generating room side from the nozzle orifice side 
The initiation, i.e., termination of the hold time, time of discharge at this period from setting up 
so that it may become in this period (3/4 time thru/or 5/4 time of the proper oscillation period 
T) The drawing-in force of the meniscus resulting from expansion of the pressure generating 
room 4 accompanying the discharge of the piezo-electric diaphragm 3 performed after hold-time 
termination as shown in the curve (A) in this drawing will act on the migration by the side of the 
own pressure generating room of a meniscus in multiplication. 

[0060] By multiplication-drawing in of a meniscus, the meniscus which may generate a satellite 
next at the time of the migration by the side of a nozzle orifice can fully be drawn in a pressure 
generating room side. The period (period shown by hatching in drawing) of plus minus 
abbreviation T / 4 is desirable from the time of the proper oscillation period T having passed 
from the first since the time of the free vibration of the meniscus produced after the ink drop 
regurgitation reaching at a neutral point, if fluctuation of the pressure generating room 4, a 
nozzle orifice 31, property change of ink, the constant of a drive circuitry element, etc., etc. is 
taken into consideration, at i.e., the charge initiation time. 

[0061] Therefore, as shown in drawing 8 , t2 is fully drawn in a pressure generating room side 
from a discharge-starting time the time of starting charge, using effectively the migration the 
twice (3/4) of the proper oscillation period T thru/or (5/4) twice, and by the side of the pressure 
generating room of the meniscus which adjusts hold-time ThV so that it may enter desirably at a 
0.8 times thru/or 1.2 times as many period as this, and is generated after an ink drop 
regurgitation time. 

[0062] In t3, only predetermined time Th 2 stops discharge hereafter like the example shown in 
above-mentioned drawing 3 the time of a charging time value Td1 passing. 2nd discharge is 
performed with a bigger discharge time constant than the 1st discharge time constant. The time 
in front of discharge termination. That is, by terminating discharge t4 with the 3rd discharge time 
constant smaller than the 1st discharge time constant the time of the terminal voltage of the 
piezo-electric diaphragm 3 descending to 8% of driver voltage, and about 12% Preventing 
generating of a satellite much more certainly, moreover residual vibration can be controlled and a 
print speed can be improved. 

[0063] Drawing 10 is what shows one example when the proper oscillation period T of a piezo- 
electric diaphragm applies the drive method of this invention to the recording head for 13 
microseconds. This drawing (b) the drive signal wave form where the highest drive frequency is 
9kHz moreover, this drawing (b) Even if the highest drive frequency shows the drive signal wave 
form which is 7.2kHz and used which [ these ] signal, without starting un-arranging, such as a 
satellite, the high quality of printed character was maintained and printing was completed in 
predetermined printing speed. 
[0064] 

[Effect of the Invention] The piezo-electric diaphragm which carries out ******** displacement 
after making displacement change into a convex condition to a pressure generating room side . 
and making ink breathe out in this invention as explained above in the process which the original 
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location returns Twice (n+3/4) thru/or (n+1) the twice of the proper oscillation period T of a 
piezo-electric diaphragm ( — however, n — 1,2, and 3 since switch discharge of a piezo- 
electric diaphragm with a different time constant, it is made to stop temporarily or he is trying to 
make it end further with the stage of 8) within the limits The oscillation on the basis of the static 
displacement location of a piezo-electric diaphragm can be controlled, and the regurgitation of 
the unnecessary ink drop from a nozzle orifice can be prevented certainly. Moreover, by making 
steep discharge perform just before discharge termination, the ink near the nozzle orifice can be 
drawn in a nozzle orifice, and a meniscus can be drawn in a pressure generating room side, and a 
meniscus can be stabilized in the state of concave, it can have it, and management of the 
amount of regurgitation ink and flight deflection prevention of ink can be aimed at 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing one example of the ink jet recording head used for 
this invention. 

[Drawing 2] It is the circuit diagram showing one example of the drive circuit which drives a 
recording head same as the above. 

[Drawing 3] It is the wave form chart showing actuation of equipment same as the above. 
[Drawing 4] It is drawing showing the action after the piezo-electric diaphragm in the halt time of 
discharge. 

[Drawing 5] It is the circuit diagram showing other examples of the drive circuit used for this 
invention. 

[Drawing 6] Drawing (b) and (b) are drawings showing the action of the piezo-electric diaphragm 
after being based on the difference at the discharge termination time, respectively. 
[Drawing 7] It is the diagram showing the relation between a discharge-starting time and 
migration of a meniscus. 

[Drawing 8] It is drawing it is indicated that is also at a drive wave and the oscillating gestalt of a 
meniscus about other examples of this invention. 

[Drawing 9] It is drawing.showing movement of the meniscus in the recording head using flexural 
oscillation, the proper oscillation of a piezo-electric diaphragm, and the relation of a drive wave. 
[Drawing 10] Drawing (b) and (b) are the wave form charts showing one example of the driving 
signal used for this invention, respectively. 
[Description of Notations] 

1 Drive Unit 

2 Diaphragm 

3 Piezo-electric Diaphragm 

4 Pressure Generating Room 

30 Nozzle Plate 

31 Nozzle Orifice 

40 Charge Circuit 

41 1st Discharge Circuit 

42 2nd Discharge Circuit 
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